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Overview

 The Gaerttner LINAC Center at RPI
« Capability Matrix

» Measurement Capabilities and Examples
— Thermal Region: Transmission, Capture, Fission, (S(a.,) at SNS)
— Resolved Resonance Region: Transmission, Capture, Fission
— Unresolved Resonance Region: Transmission, Capture
— Fast Neutrons: Transmission, Scattering, Prompt Fission Neutron Spectrum
— Lead Slowing Down Spectrometer: Fission, (n, apha), (n, p), Capture
— Prompt fission neutrons. The gamma tagging method

The target room
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Why Should We Care About Nuclear Data?

Reactor Physics Calculations
Nuclear Data Geometry Data
Uncertalnty

Computation aI M o 5 055
Methods (Physics)
(Uncertainty??)

« Effective neutron Multiplication factor
RESTHUETN . Neytron flux
Accuracy?? Rt

www.lInl.gov e Kinetics
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N UCI ear Data L |fecyCI € (Danon’s view)

Application Driven
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WhereistheRPI LINAC ?
 |tisonthehighest point in Troy, NY
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RPI LINAC History

« TheRPI LINAC started operation in December 1961.

*  Working “continuously” since. September 1997- LINAC was designated as Nuclear
e N Historic Landmark by the American Nuclear Society

Graduated over 170 studentswho
utilized the LINAC aspart of their PhD
thesisresearch

Many years of accumulated experience

2014 - Started a major refurbishment and upgrade project
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GAERTTNER LINAC LABORATORY

RENSSELAERPOLYTECHNIC
INSTITUTE

N <to—

Neutron Production Target

Large Target Room

Detection Stations at:
15m to 250m

BBBBBBBB

Lead Slowing Down Spectrometer 7 @*
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LINAC Specifications 2015

Three Sections Nine Sections
(Low Energy Port) (High Energy Port)
Electron | 54 95 mev 25 to over 60 MeV.
Energy
Pulse Width | 6 to 5000 ns 6 to 5000 ns
Peak | 3A (short pulse: 6 to 50 ns) 3A (short pulse: 6 to 50 ns)
Current | 400 mA (long pulse: 50 to 5000 ns) 400 mA (long pulse: 50 to 5000 ns)
A‘gv?gre 10 kw@ 17 MeV, 5000 nis >10 kw@ 60 MeV, 5000 ns
Peak Dose | ) i1 Redyisec (in Silicon) na
Rate
Neutron _ 13
Production | V2 4 X 103 neutrons/sec
Pulse | . .
. Single pulse to 500 pps (short pulse) | Single pulse to 500 pps (short pulse)
Repetition . .
Rate Single pulse to 300 pps (long pulse) Single pulse to 300 pps (long pulse)

9
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Capability Matrix and Development

RPI LINAC - Nuclear Data Measurement Capabilities 2015

LSDS fission o /|fragment dist.

B-IE St/ iI-C)BTaNsbs Ar|1ayi:4 NGN

ETT Multiplicity Detector Multiplicity Detector BBT/PAC

Scattering BBT Multiplicity Detector BT| EJ301 Array

ETT| Multiplicity Detector PAC ,déﬁz/@/edfyf ment <:

Capture N ew
BBT/PAC C,D, Capture Detector <:
BBT Muliplicity Detector

ETT | Multiplicity Detector

Transmission BT o 53a01

PAC |{0om LiGlass Detector
BB[T/PAC/BBT | 25m/30m LiGlass Detector
15m LiGlass Detector ETT

Targets

10°

100 10° 10° 10° 10° 10° 10

Neutron Energy [eV]

ETT- Enhanced Thermal Traget
BBT - Bare Bounce Target
BT- Bare Target on Axis
PAC - PacMan Target

Rensselaer
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Neutron Production Targets
Bare Bounce Target (BBT) Enhanced Thermal Target (ETT)

PACMAN target
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Detectors
25m

mti licit m
p plicity, , .30

4A5m  Transmission

7
¢
0
§ &
_ N
Scattering
PENS
30m
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Current Activity

Time of flight measurements
— Resonance Region
« Capture (0.01 eV — 2keV)
« Transmission (0.001 eV — 100 KeV)
« Captureto fission ratio (alpha)
» keV capture detector
» Neutron scattering (E<0.5 MeV)
— High energy (0.4-20MeV)
 Scattering (30 m flight path)
« Transmission (100m and 250m flight path)
« Prompt Fission Neutron Spectra
— High accuracy total cross section measurements using filtered beam
L ead Slowing Down Spectrometer

— Simultaneous measurement of fission cross sections and fission fragment mass and energy
distributions using the RPI |ead slowing down spectrometer

— Measurements of energy de{aendent (n,p) and (n, ocg Cross sections of nanogram quantities
of short-lived isotopes. (collaboration W|th LANL

— Capture Cross section measurements
Other

— Research on medical isotope production
—  S(a,) measurements (at SNSin ORNL)
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Resonance Region
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Transmission Experiment

Two Experiments:.

1. Sample Out I
Neutron Beam < > I Li-Glass Neutron Detector
2. Sample In - I
Neutron Beam > I Li-Glass Neutron Detector
Sample |
C
Sample In
T= =eXp(—No,)
C t
Sample Out

N — Number density [atoms/barn]
o, — Total cross section
L
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Capture Experiments
Sample

Gamma Ray’s Multiplicity Detector

Neutron Beam

L
The capture Yield:
¢ — neutron flux -
n — detection efficiency Counts ¢Y77
O
Y = (1-exp(-No,) )L
Gt
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Resonance Cross Section M easur ements
Data Analysis

Collect Collect 3
Transmission Data Capture Data
» Experiment

2-5 samples 2-5 samples

J

. Thermal Epithermal \

Thermal Epithermal
Data & Background Data & background [DFE, Ba'\gllj)g(round & Dy ba:lt?(round &
N\ 4 N pd

»  Data Reduction

Reduce to Reduce to
Transmission Capture Yield

\
Fit Data [I—
SAMMY code | Various Parameters

US Cross Section Evaluation »  DataAnalysis
Working Group (CSEWG)

Users - Evaluated Data Files Resonace

ENDF/B-VII.1 parameters )
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Elemental Molybdenum

5 e ik '
= 0.8 4 [ i
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Elemental M olybdenum 120 eV - 145¢eV

1.00 -

C 080 = O ++~ " 0250 ~‘~“¢ S +_+ oo pthE it
o N = - - =
D T + 200-mil Mo + = < .
» 0.604 x 100-miMo - §
é - ©  50-mil Mo i
) O 40 - o 25-mil Mo |
c |l 2 10-mimo |
© ' 5-mil
= 0.209 — sawmvri . 7
1 - - - ENDF/B-VII 200-mil \Weeeal 1
O-OO LJ LJ LJ LJ 1 L) L] L T 1 T T T T T T T T T T T T T T
0.20 T T T T I T T T T T I T T T T
1 + 20mimo )
] X 10-mil Mo §
=) 015 7 ©  5-mil Mo 7
@ - o 2-mil Mo i
> ] SAMMY calc ]
o 0.104 - - -EnpFB-VILO 20-mi .
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Gd Thermal Region - Separated | sotopes

i TR b xeTod ]
1.1 - 155 0.9 x -
] « LX-4Gd ] ] o e
1.0 5 o LX-9°Gd ] 0.8 i -
0.9 - o LX-10 ®¥'Gd -] 0.7 a RPI N
0.8 & LX-11%'Gd o e 1 - - - ENDF 1
% 0_7_: —— SAMMY fit _ © 0.6
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155 ] X LX-4b 155Gd .
ié : t);jb Gcc:d ié-’ o LX-7"'Gd _'
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c 08 i I(;)E)_Z?Sisr;(r;ndmetal . c 0'8_' S ]
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235 Capture & Fission Yield Data - Epithermal M easurement

0.30 7
e Challenges: 025

—— RPI Capture

T T T T
Normalization
Ml —— Sammy Capture

* Normalization %ﬁg
* False capture due to neutron scattering " ook
» Normalize experimental fission yield to resonance o e
YEF — .Y,| Solvefork, @ 19.3 eV res [Fr—f:o.esj 2 ey
%P 0.15—_ i
» Use two equations for predominantly capture and gy Ly
fission resonanges R b
@ 11.7 eV res 086] @ 19.3 eV res ( —063J Neutron Energy [eV]
0.03 T T T T
VIR — K, YL —kg -k, Y| Y25 kY2, —k k- Y2, _- — Sammy Capure|

»Solve the two equations for k, and k,

» Need 2 resonances with known parameters <« ST e
0.02
k=) ’ ‘ (
$ o014 WEL ) N T R R
| a {Hr H “ ‘ ‘; “““‘ ! i :
0.00

T W T T T T T - W ‘ ‘I
600 700 800 900 1000
Neutron Energy [eV]
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Comparing 23U Fission and Capture with Evaluations

0.2

0.01 -

Capture

—s— RPI - Experiment
—— ENDF/B-7.0
—— JENDL4 ]
—— SAMMY ENDF7 Capture | 1

=

0.005 -
0.2

.

0.14

0.01 -

0.005 -

Fission

—=— RPI - Experiment
—— ENDF/B-7.0
—— JENDL4 ]
—— SAMMY ENDF7 Fission | 1

100

1000
Energy [eV]

—

Fission isin excellent
agreement with
evaluations

Capture data has up to 8%
multiple scattering that
must be taken into
account during the
analysis

Capture error is about 8%

0.4-1 keV capture data
iIscloser to ENDF/B-7.0

1-2 keV ENDF/B7.0too
high JENDL 4.0 too low.

E>1 keV dataisdightly
higher than evaluations
but within errors.
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High Resolution Transmission Detector

* Modular Li-Glass detector at 100m flight path

— Extends our capabilities to the unresolved resonance region
— Measurement of 9599810\ o compl eted.

6Li-Glass

LINAC Target
Room
45m flight 100m flight
station Sta“ on

.

Neutrqn Beam

3
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Mo | sotopes in the Resonance Region
100m Flight Path

« Resonance parameters

sisin progress

analy

the resolved resonance

f severd

region o

topes

o

o

L

()]
o 2
S5
> .=
O ®
—
Q &
avl
8 2
A=
°
L5
daf f
gg

Mo-95 Exp
—— Mo-95 ENDF-7.0

o

uoissiwsuel |

Mo-96 Exp
—— Mo-96 ENDF-7.0

(o]

ol

Mo-100 Exp
— Mo-100 ENDF-7.0

o

DD O

0.5

0.0

20000 30000 40000 50000

10000

1000

Energy [eV]

-2
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Mid-Energy Capture Detector

System Overview
« 4 C,Dg detector modules
manufactured by Eljen
Technology

 Low mass, low neutron
sensitivity design
» Located at 45m flight path

In newly constructed flight
station

« Measurements made from
leVtol MeV

» Requiresaweighting
function

e
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Capture Yield

nalke Capture measurement

« MFewas used as atest to compare with evaluations and other measurements

— The RPI data (45m flight path) has good energy resolution compared to the
Spencer ORELA data (40m flight path)

— The RPI data provide information above 700 keV (next dlide)

c1l4—mm——mm———————T——T——1—1
T —— RPI (150 keV Cut)
0.10 ] —— RPI/Sammy (ENDF/B-VII.1) I
0.09 - —— Spencer/Sammy (ENDF/B-VII.1) |
. Spencer 1994 (ORELA)
0.08 ] Spencer: N=0.0105 atm/b ]
0.07 - RPI: N=0.17133 atm/b 4

10 20 30 40 50 60 70 80 90 100
Energy [keV]

®) Rensselaer

Capture Yield

10-1 i T 4 L I L I T I L) | T I
RPI (150 keV gamma cut)
—— RPIl/Sammy (ENDF/B-VII.1)
2 —— Spencer/Sammy (ENDF/B-VII.1)
10 Spencer 1994 (ORELA)
10° |
10" \} | {\l It
3 \
b
-5 ] 7 | ' \
10 -’ Y, k}
|
10-6 T T T T B T T T T T 4 T T T
300 320 340 360 380 400 420 440

Energy [keV]
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nalFe Capture Cross Section above 847 keV

New capture data obtained dbbove 19o0'%o-—+17+—--+—++— ——
847 keV and 1409 keV inelastic e R (oo kv

Staies in 5 6Fe and 54Fe 100 Fe 1st inelastic state _ '\%E% é}gﬁ %(SZ cut)
Capture signal separated from = 2 nomBvILL
inelastic scattering signal by post- < ; —loe
processing digitized waveforms 5 )

with different energy deposition ¢ 152 e

cutoffs S ! mrrw ks

Good agreement with other X . I [l

experiments

The dataislower than the 10¢

eval uations above 1400 MeV 600 750 1000 1250 1500 1750 2000

Energy [keV]

&
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Unresolved Resonance Region

2
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New M ethod - Fe Filtered Beam Capture

Resultsfor 81T a

« Measurements performed on 181 Ta
using Fe-filtered beam technique

« 30cm thick Fefilter removes all
beam-related gamma and neutron

background
 Provides a quasi-monoenergetic 08 _—
5 1 — 30cm Nat. Fe |1
neutron source corresponding to 81 ]
deep minimain the Fe cross section_ Z: ;
é 0.4 1
lc_fs 0.3—- —
0.2- 1
H .-
Ao I | Nt J | '

10° 10* 10° 10° 10’

Energy [eV]
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Mid-Energy Capture Detector
Experimental Results-*®'Ta

» Count ratesfor Taand 2000 T
B,C samples were | —13mmB,C
summed under each filter —lomm P
. c 5 5
transmission peak. oy y
=
> - 0.0 Befor 2L I b e U
. 8 /6.8 7.07.2 7.4T70f u75.8 8.0 8284
« Pb scatterlng sample S 1.0x10°- |
used to confirm £
negligible neutron %—)
background 5 0x10" - |
] ”
0.0 l‘m d-..‘M’"':ﬁ:b;u“v‘ :‘n'-.._‘w. '#[“wﬂ"f*ﬁ_q\. iy AL A v«.wa-uw.‘hk%r'{-&mewﬁ!aa
5.0 7.5 10.0 12.5 15.0
TOF [us]

?*V"ﬁ .g»
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18ITa lron Filtered Beam Capture M easur ement:
Cross Section

As expected thick sample=problems
— Sdf shielding correction is high
— Multiple scattering correction is high

2.00 ————r

— Need to work on better understanding of . — ENDF-BVIIL
the weighting function and it validity ~ 1.75-  JENDL40 .
. o B_Iock (1972)
= 150 " Mackin (1964 ]
o Thinsamplesupportthe JEFF-  § ;.51\ S S
c b A\ Reffo (1982
3.1/3.2 evaluation o I Breosko (1969
O 1.00- e RPI 2014 (2mm sample) |
% | e RPI 2014 (6mm sample) | |
: . 5 0.75-
« Possible contamination from ]
inelastic scattering apparent in 0%
ENDF/B-VII.1 0.25 -
0.00

10 100 1000 5000
Energy [keV]
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Fast Region
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High Energy Transmission Experimental
Water %tup

CooledTa  U/Pb Filter Sample
EJ-301 Liquid Scintillator

- Modular Detector

00000 00
7 0000000 0000
7 77777 C |I. t. 00077
0000000 P . . o 000
00000000
;‘
>

‘ 250 m
Graphite Samples

Nominal thicknessin cm

13
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Beryllium Transmission

Beryllium samples

10 ——— ' T Sample thicknessis givenin cm
o Be2cm
] o Be4dcm
4 Be8cm
0.8 + ENDF/B-VII.O
—— JENDL3.3

ission

Transm

Reconfigured the detector with
two unitsto reduce background

Energy [eV]

Rensselaer linac® ...



Beryllium Total Cross Section (L ow Energy)

8 T T T T T T 1 Ll 1 u 1

o 2cm sample
o 4 cm sample
A Filtered Beam experiment
—— ENDF/B-VI.8
—— ENDF/B-VII.O
JENDEL 3.2

O

Cross Section [barn]

0.4 0.5 0.6 0.7 0.8 0.9 1.0
Energy [MeV]

M.J. Rapp, Y. Danon, F.J. Saglime, R.M. Bahran and D.G. Williams, G. Leinweber, D.P. Barry and R.C. Block, “Beryllium and Graphite
Neutron Total Cross Section Measurements from 0.4 to 20 MeV”, Nuclear Science and Engineering, Vol. 172, No. 3. Pages 268-277,
November 2012 (2012).
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Tt Total Cross Section M easurements

0.5-20MeV

8cm Ti data
—o— 12cm Ti data
—— ENDF/B-VII.1

« 250m flight path measurement
shows structure that was not
resolved in prior measurements

« JEFF 3.1.2 shows an energy shift
« ENDF/B-VII.1 lower resolution

than JEFF 3.1.2 and ENDF/B-
VII.0
0 . T :
0.5 1 10 20
Energy [MeV]
10 T T T
| — 250m RPI data
—— 100m RPI data
8 - Schwartz et. al. (1974) ﬁ i
—— ENDF/B-VII.O 12 cm
1 —— ENDF/B-VII.1
64 —— JEFF3.1.2 ‘ i . i 8cm

0.70 ' 0.75
Energy [MeV]

0.80
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Zr Total Cross Section Measurements (0.5-20 MeV)

12 ' T i T i T i T 4 55 T T v T v T v T 4 T - T o T y T y

— RPI Experiment Arpil - May 2008 e RPI Experiment Arpil - May 2008
11 —— ENDF/B-6.8 - | —— ENDF/B-6.8
ENDF/B-7.0 ] -'
— EFF34 5 0 | ENDF/B-7.0 _
10 JENDL 3.3 ] : JEFF 3.1
JENDL 3.3

o, [barn]
o, [barn]

3 T T T T T T T T T 3.0 T e e
0.5 1.0 1.5 2.0 2.5 3.0 2 4 6 8 10 12 14 16 18 20
Energy [MeV] Energy [MeV]

« 100m flight path

e Used low Hf (lessthan 100 ppm) Zr metal

« ENDF/B 6.8 seems like a better fit for E<16 MeV

« New partially resolved structure below 2.0 MeV

« Datacan be used to improve the unresolved resonance region eval uation

RBHSS elaer Ii-li-a- -c-me Gaertiner LINAC cemer




Fast Neutron Scattering

Quasi-differential neutron scattering
and angular distributions.

e
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TOF Scattering M easur ement
« Measure TOF: t=t, +t,; wheret; »t,

 All scattering events: E, <E;
 For elastic scatteringwith A » 1. E, ~E,

« Assuming L =L, + L, than total TOF, t,
can be used to calculate the incident neutron

energy, E,(t) ( \
Ly, 6, By E(t)~mc”- - -1
L\2~O5m ) rm \/ L :
L= :

??v.\\\lu;,,b( ) Q»
@ Rensselaer INac -
=% The Gaerttner LINAC Center




238 Scattering Measurement - JEFF 3.2

Energy [MeV] Energy [MeV]
20 10 5 2 1 0.5 20 10 5 2 1 0.5
8000 L L T | L T 5000 LB L T | L T
7000 - * Uranium Datd
1 — JEFF-3.2 4000 4 4
6000 - JEFF-3.1
| 60 deg A
5000 -
@ _ b 3000+ il
S 4000 4 : =
S | , S
2000 - .
. b1 L/
— | ﬁ’*\\‘ ”. Uranium Data
2000 4 JI! e , — JEFF-3.2
] ?l ] 1000 - JEFF-3.1
1000 {p’ d _
f . 4
/
0 T T T T T T 0 T

T T T T T T T T f T f T f T f T f T !
500 800 1200 1600 2000 2400 2800 3128 500 800 1200 1600 2000 2400 2800 3128

Time of Flight [ns] Time of Flight [ns]

JEFF-3.1 3.0 JEFF-3.1 204
JEFF-3.2 2.8 JEFF-3.2 7.9

» Significant improvement in JEFF3.2

Renss elaer Ii-li-a- -c-me Gaertiner LINAC cemer




Fe Scattering M easurement - Setup
EJ-301 Liquid Scintillator Neutron Detectors

* Fe Sample >
 Dimensions 77.0 X
152.6 X 32.2 mm

\ Evacuated Flight Tube

The neutron beam size is smaller than the sample.

%”"g Q*
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Graphite

ENDF/B-VII.1
JEFF-3.2
JENDL-4.0

1.3

9.5
9.5
8.4

"alk-e Scattering - 61°

Energy [MeV] Energy [MeV]
20 10 5 2 15 1 0.5 20 10 5 2 15 1 0.5
3000 L L T TTTTTT L T T 3000 15— — T LR P T T
+ Graphite Data ——"Fe Data
. ENDF/B-VII.1 2
2500 - MCNP Results 5.8 4 2500 - JEFE3.2 5 & 3 i
61 deg ps {—— JENDL-4.0 ) i
2000 - 1 20001 61 deg ‘ § it -
& @ R n‘ & (ks
= E 0
31500 1 51500 (Y £
@) 8 :
1000 - . 1000 -
500 4 500 ~
O — T T T T T T O F T T T T T
500 800 1200 1600 2000 2400 2800 3128 500 1000 1500 2000 2500 3000
Time of Flight [ns] Time of Flight [ns]
Energy [MeV]
2 1.5 1 0.5
3000 ———— T . .
—e— "Fe Data
—— ENDF/B-VII.1
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Graphite
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| nelastic to Elastic Ratio
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Comparing Experiments and Simulation
Elastic scattering
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Experimental elastic scattering was inferred from 0.5 to 2.0 MeV
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— The experimental datais reasonably represented by a simulation with ENDF/B-V11.1

Collaborating with ORNL to improve new >°Fe evaluation
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Resonance Scattering

Example of an experiment for testing the
physics models of Monte Carlo codes

e
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Resonance Scattering Experiment

« Motivation — Provide a benchmark to the model developed by Dagan et al.

— Poor approximation of the scattering kernel when the cross section is energy
dependent.

« Usethe Time-Of-Flight (TOF) method
— The TOF will correspond to the scattered neutron energy
— Scattering in forward and backward scattering angles can be measured

Neutron 238 sample
Producing Target / Neutron Detector
N

Good Collimation /
\ H

Electron Beam ~25.5Mm

v

A 4

= '@"
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Resonance Scattering- Experimental Setup

Blank Sample
Moderator ‘ \ /
/ O\ /
Ta Target _
e beam line
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Resonance Scattering-M easured Data
« Thick Sample time-of flight spectrum forwards scattering

2000 — T T T T T T
1800 A —— #*U Thick sample |
1600—- — Backgrouncljoogno slample) - |
1400 - -
, 12001 . -
§ 1000 36.68eV S ]
800 4 ™ =
- [ wais | -
Pt 20.972 eV ]
200 M( m’ 6.671 eV J

100 200 300 400 500 600 700 800 900 1000 'Q
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Resonance Scattering - Results for238yU
Scattering
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800 4 —— MCNP (Modified) | 400 Sample thickness=1/8" —— MCNP (modified)
—— MCNP+S(a,8) —— MCNP+S(a,)
Geant 4 E =36.68 eV L]
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: o Thick
<) 3
O | (@]
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MCNP (Modified) F orwar d MCNP (Modified)
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Sample thickness ~1/16" E =36.68 eV

=36.

- E,=36.68 eV | T hl N

Counts

Scattered Neutron Energy [eV] Scattered Neutron Energy [eV]

In 2009 all M C codes had this problem
Today some still do
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L ead Slowing Down Spectrometer
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L ead Slowing-down Spectrometer at RPI

 Tantalum target in
the center produces 67 tons of Pb

neutrons.

Neutron Source
(He cooled Ta Target)

He Filled Drift Section

» Neutrons scatter
elastically with the

Pb.

S

g @
» Neutrons can pass o \ S

0 Electron
thI’Ough the same — === : Beam
position several :555;555 Ti Window ™ Vacuum
times. -

Fission Chamber

« About 103-10% (60 cm from corner)
times higher flux C 1 C 1 1 C 1010010101
than an equivalent | — — — 3 [ CJ CJ CJ [
flight path TOF
experiment (5.6m). Crossed | beam + Li,Co,
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Fission Fragment Kinematics

* ODbjectives
— Simultaneous measurement of the fission cross section

and fission fragment mass and energy distributions of
small samples (~nanograms).

« Method

— Use the RPI |ead slowing down spectrometer and a
double gridded fission chamber.

— Samples are deposited on very thin backing (~250 nm)

'??v.\\\lu;,ﬂﬁ Q»
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Double Gridded Fission ChamPer

SETUP

<«——180cm ——»

eton d\EDuE' Fter _ _ Neutron Source
—_— Flux M.O”'tor L T”'tor | (He cooled Ta Target)
| W e || He Filled Drift Section
_______ Sid, . E
‘5/4 Cathode _ o
,é“ o BE=EN Baaa R _— xS < Electron
Anode 7 \\\ Ti Window Vacuum )
) ® LEAD B8 |
1 . = l Flux Monitor [——Fission Chamber
L o s s e o
EEEEE o o e e e e Y Y
Crossed | beam + Li,Co,
Collaboration with LANL
— » Fission cross sections.
l ol T * (n,a), (N,p) measurements on small samples.
Multiparameter DAQ -
o ; ‘
B
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Yield

Yield

Results — Fission Fragment Mass distribution E <0.1 eV
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Results - Fission Fragment Energy Distribution E_<0.1

Yield
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Fission symmetry in resonance clusters

Symetric Fission in Resonances Relative to Thermal
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(n,OL) Cr 0SS SECtion measur ements
Compensated PIPS Detector

Sample _ I‘ el « Gamma discrimination
by recording the gamma
spectra on two face to

I'd

T | facedetectors
T‘””Fj i 1 +Digital DAQ collects a
| ‘ SPhllllpfs M?’EEEEO bi pOI ar S- gna'
"\« Correct for background
el | = by subtracting the bare
detector signal from the

S I sample detector on an

NHQ 204M
T event by event basis
45ns Cramte 100ns Crematmodel
model 110 200 Shaper Amplifier
Pre-Amplifier
Tabor Model
8024 Function
Generator
TO from =
Control - [BNC Model 555 | | e
Room 15 5 00 47nF
> 5SS g
> w0 o

Acqiris DC440
Digitizer

N\

Sample Position

H

4.7nF

[4%e)
YOon
a0/
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(n,a) and (n,p) measurement results

« Measurement of (n,a) cross section of 47:1495m

« Demonstrate the ability to measure micro barn cross sections with the
LSDS

J.T. Thompson, T. Kelley, E. Blain, R.C. Haight, J.M. O'Donnell, Y. Danon, “Measurement of (n,a) reactions on
147Sm and %9Sm using a lead slowing-down spectrometer”, Nuc. Inst. and Meth. A, Vol. 673, pp. 16-21, May (2012)
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Capture measurementswith the LSDS

» Usealead Slowing Down Spectrometer to measure
the capture rate of samples of small mass or small

Cross section
— Detect y from capture n from Pb
 Criteriafor ay detector y from P

— Low n-capture cross section
— Low n-scattering cross section
— High vy detection efficiency Sample \Lﬁ

De‘w(‘ﬁoY
— Small detector (reduce background) I
— Fast recovery from gamma flash Scattered neutron
i

j}vﬂ\\ 1 r.c-,,b( )
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Tacapturerate

« 2mm Y AP Detector, 10 Mil Ta Sample
— The measurement extends to ~50 keV
— Good agreement with the ssimulations
— Data collection time was about 20 minutes

1075 | | L | L

Count Rate [Counts/second]

o Measurement ,10 Mil Ta, 1 YAP Detector i
MCNP ENDF/B-I1.1 10 Mil Ta, 1 YAP Detector |4

102 | A | L | | L | LA
10" 10° 10" 10° 10° 10* 5x10*

Energy [eV] N BN BN BN BN B .
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NI Capturerate

« 2mm Y AP detector, 3mm nickel sample
— Low capture cross section - Low S/B
— Reasonable agreement with ENDF/B-VII.1
— Additional peaks observed near 200-300 eV - possible impuritiesin sample

107 E T T T T T T T T T
E 106 . —
106—5
10° 4
2 1o I
o 103 O,
2 2
g g 10"
10" -
3 Experiment, 2mm YAP 10° 4
10"+ 3mm Nickel Sample ] 3mm Nickel Sample
—— Background o Measurement
, ] — Sample Background , ] — Slmulatlon ENDF/B- VII 0
10 L i LU U] 10 LRI U U LU T o
10° 101 10 10° 10™ 10° 10 10° 10° 10° 5x10*

Time [us] Energy [eV]
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Prompt Fission Neutron spectra
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Experimental Setup

* Neutron Detectors « Gamma Detectors
— EJ204 Plastic Scintillator — 4 BaF, detectors on loan from ORNL
e 057°x5” — Hexagonal detectors 2 x 57
« 47 cm away from center of sample — 10 cm from center of sample
— 2 EJ301 Liquid Scintillators — 4 lead shield between detectors
. 3757 * Reducing scattering between detectors
» 50 cm away from center of sample KL,
ToF =
EJ301 \/7 vE
1/2
Detectors K~723 ,us?:]/
G
D:tn;gt]grs L1,2 —fllghtpath distance Neutron DeteCtorS
E, —incident neutron energy
Sample E, —fission neutron energy , @
Position Q\
Sample —
L E L,=0.5m
S ey
ector L,=30m [ [
4 Gamma Detectors
(top view)
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2>2Cf Prompt Fission Neutron Spectrum

* Good agreement seen between the RPI datasets in the overlap region
from 0.7 MeV to 2 MeV
 Combined datasets provide measurement from 0.05 Mev to 7 MeV
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238U Prompt Fission Neutron Spectrum

« Spectrum isintegrated over two incident energy regions, first chance fission and
second chance fission

« Data shows good agreement with current evaluations

* Increase near 1 MeV agrees with new data by Sardet et. al.

« Both spectranormalized at 2.25 MeV
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LINAC 2020 Refurbishment and Upgrade Plan

« Project aimsat refurbishment and upgrade of the
acceler ator

— Increase neutron production as short pulses
* Increase the electron beam energy
« Modernize the el ectron beam control system

— Provide longevity
» Replace al maor components and acquire spares

» Funded by DOE-NR and NCSP through BM PC/K APL
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